INTRODUCTION
Stress-related mental conditions such as anxiety disorders are frequently associated with chronic stress. [1] [2] [3] If the stress response is excessive and prolonged, the cost of reinstating homeostasis becomes too high, a condition that is termed allostatic load (an indicator of the of adverse health outcomes because of physiological dysregulation). [4] [5] [6] [7] [8] [9] [10] Strengths and limitations of this study ▪ The mapping of stress pathogenesis is still under construction hence drugs effects needs to be best understood and treatments schedules reconsidered for given patients. Alprazolam effects over its known anxiolysis (anxiolepsis?) is here explored. ▪ The recruitment of symptomatic patients facilitates the observations of interrelating variables. In order to cut the demand of repeated or protracted drug interventions in chronic stress, neurocognition health is to be preserved. Alprazolam is postulated as a supporting medication in symptomatic subjects. ▪ The inclusion of patients with an ample range of scoring in each of the study variable facilitates the further observation of the medication impact in patients observed as in daily practice. ▪ One of the important biases of the project is the lack of a parallel control group, which is not regulatory, allowed in our area in a phase IV trial with highly symptomatic patients with inherent risks. As the project moves forward, however, the project itself can be justified in a more advanced stage, for example, in a face-to-face comparison of different schemes. ▪ Another difficulty is the existence of knowledge gaps among the clinical features, cognitive observations and variables measured in laboratories. So, we assume that as we move forward in the associations among them, other hypotheses on mechanism of action may arise that can be formulated and tested by other investigators.
Anxiety disorders have been linked to disturbances of hypothalamo-pituitary-adrenal (HPA) axis with controversial results. [11] [12] [13] Hormones, such as cortisol and corticotrophin releasing hormone have been associated with states of fear and anxiety in experimental models. 14 15 Furthermore, increased basal levels of cortisol were found in patients with panic disorders and in patients with general anxiety disorders (GAD). 16 17 Nevertheless, other authors did not find any association between cortisol levels and anxiety scale measures, 13 or found a reduction in cortisol awakening response among older patients with anxiety disorders. 18 On the contrary, studies performed among post-traumatic stress disorder patients showed lower levels of cortisol. 19 Similar patterns of cortisol levels were also found in patients with neuroticism (a predisposition to respond with intense emotional reaction to psychosocial stressors). 1 2 Neuroticism is a well-known stress vulnerability factor that is robustly associated with psychiatric disorders such as anxiety and depression. 20 Neuroticism and stress domains do not measure an identical construct, nevertheless, it has been reported that cumulative stress was more likely to precipitate psychiatric symptoms in vulnerable individuals with high levels of neuroticism, 20 and furthermore, these individuals perceive and have more stressors, respond exaggeratedly to them, and require more time to recover from them. 1 2 21 During stress activation, both HPA axis and the noradrenaline (NA) system seem to function in a synchronous fashion, and these two systems are crucial for stress response in mammals. 6 7 There is substantial evidence that anxiety in humans is associated with high levels of 3-methoxy-4-hydroxyphenilglycol (MHPG), a principal NA metabolite, and salivary determination of MHPG may be a useful marker for detecting changes in catecholamine metabolism, [22] [23] [24] however, there is a need to determine, by objective measures, the impact of stress mediators on allostatic load and cognitive functioning in these patient, and the impact of the psychopharmacological treatment on these parameters. The allostatic load model has been particularly informative in specifying the additive effects of multiple biological processes that contribute to wear and tear on tissues and accelerate pathophysiology related to stress, particularly in the central nervous system. 5-7 25 10 These allodynamic processes can be adaptive in the short term (allostasis) and maladaptive in the long term (allostatic load). The brain is the central organ of stress processes and allodynamic adaptation, and it is a key target of allostasis, thus enabling protection and adaptation. Consequently, allostatic load can affect brain plasticity owing to adjustments made by the various biological systems. 9 It has been demonstrated that stressful experiences have functionally relevant effects on dendritic arbour and spine/synapse number in many regions of the brain, including the hippocampus, amygdala and the prefrontal cortex (PFC) with effects not only on cognitive function but also on emotional regulation and other self-regulatory behaviours and on neuroendocrine and autonomic function. 9 By compromising hippocampal function, allostatic load and elevated levels of glucocorticoids impair normal hippocampal function as well as memory processes (declarative memory). 7 26 27 Furthermore, stress-related effects on the PFC has an impact in working memory process (the ability to keep events in mind) 28 and self-regulatory behaviours. The dorsolateral PFC is responsible for planning approaches and sequences of behaviour that are required for goaldirected behaviours. This process is critical of executive function. 7 28 In experimental models, chronic restraint stress caused spine loss and debranching of dendrites on PFC neurons and impaired working memory. 7 9 29 In humans, adverse childhood experiences were associated with a smaller volume of the PFC, greater activation of the HPA axis, and elevation in inflammation levels. 30 Furthermore, it has been shown that stress and allostatic load increases interference from irrelevant information, and thus impairs selective attention, 31 and high levels of cortisol, in response to stressors, showed lower performance in working memory tasks in normal adults. 32 Also, it has been found that anxiety disorders affect cognitive style of functioning, reversed by alprazolam treatment. 33 Following the National Institute for Health and Care Excellence, UK, guidelines, treatment of a person with GAD and chronic stress consists of psychotherapy (cognitive behavioural therapy), but when symptoms induce a significant functional impairment, it should be restored with drugs, generally antidepressants and benzodiazepines 34 (BZD). Benzodiazepines are GABAergic substances with anxiolytic and sedative activity available since the sixties. The therapeutic use to depress acute and subacute symptoms of anxiety disorders has gained great popular acceptance up to the present. 35 Stress-related mental conditions such as anxiety disorders and neuroticism are treated with psychotherapy and psychopharmacological drugs, which are primarily prescribed to reduce pathological symptoms, but the impact on the underlying disorder is generally less understood. Furthermore, many patients persist with symptoms and consequently require the use of BZDs for longer periods of time. Nevertheless, this indication is an off-label use, and is therefore regarded with caution because of the possibility of favouring dependence on medication and other undesired events such as cognitive impairment. [35] [36] [37] However, when the stressors persist, cognitive variables could be affected, making it difficult for the patient to take decisions that are favourable for quality of life (QOL) 34 37 38 The objective of treatment is not only to suppress symptoms of anxiety, but also to prevent a chronic outcome, and to guide patients to positive behaviours 'decision making' for a better QOL. 5 As BZDs have anxioliytic and sedating properties, it is expected that they influence the stress system. Also, most studies showed a decrease in cortisol levels, [39] [40] [41] [42] [43] some studies reported mixed results, [43] [44] [45] and these inconsistencies may be explained by differences in patient groups, dosages, and BZD used among studies. 43 Some studies yield a reduction of variations in noradrenaline (NA) metabolite levels (MHPG) 'noradrenergic volatility', 46 and in circulating and salivary cortisol levels using alprazolam in anxious patients 22 39 41 and in normal subjects, 47 or also an increase in levels of dehydroepiandrosterone (an anticortisol mediator). 48 Nevertheless, many controversial findings were made depending on age and gender: younger anxious patients showed higher levels of salivary cortisol awakening response, 13 18 but other authors found high salivary cortisol levels associated with severity of late-life generalised anxiety disorders in older adults. 17 Furthermore, women seem to yield a different profile in the cortisol response to stress in relation to men, on response to alprazolam treatment. 42 Previous data from our clinical practice showed that the administration of alprazolam results in a fast and significant decrease of MHPG concentrations, and a decrease of noradrenergic volatility accompanied by a slower but equally sustained decrease in salivary cortisol levels 49 (figure 1).The direct action of alprazolam on GABAergic neurons, and secondarily, on catecholaminergic and serotoninergic neurotransmitters may induce the indirect antistress target reducing cortisol plasma levels. The reduction in 'noradrenergic volatility' defined by the sudden variations in the levels of NA (noradrenaline) and its metabolite MHPG observed in patients with GAD, stress-related diseases and depressive states, may also be involved. 46 50-54 Nevertheless, the other aspects of benzodiazepines treatment are cognitive adverse effects, and identification of these requires dedicated monitoring of cognitive function, which is often absent from routine hospital and ambulatory clinical care. 55 The short-term effects of BZD on cognition are well known, and they are mediated through an agonist action on receptors of γ-aminobutyric acid (GABA A). 55 56 A systematic review of the association between benzodiazepines and cognition found that cognitive impairment was presumed to be transient and reversible in most studies. 38 55 Nevertheless, the long-term adverse effects of BZD on cognition are still debated, 36 55 and available data shows conflicting results. Some authors found an improvement in memory and an increased risk of dementia in prospective population-based studies, performed in elderly patients with long-term use of BZD. 36 57-60 Furthermore, longer acting BZDs were associated with greater risk of developing dementia compared with shorter acting BZDs. 36 Nevertheless, other concomitant factors could also be responsible for dementia in such studies. Indeed, a higher degree of neuroticism in midlife was associated with increased risk of dementia and longstanding distress, in a population-based study. 61 Other studies did not show conclusive results, 62 63 or even reported a potential protective effect on behavioural disturbances associated with dementia: the role of GABA in dementia has yet to be fully elucidated, and behavioural symptoms associated with dementia may be a direct or indirect result of GABAergic dysfunction. 64 65 Furthermore, in young adults, BZD may affect cognition differently depending on gender: cognitive alterations of long-term memory have been reported in women, whereas there was no significant affectation in men. 63 In this study, we selected alprazolam (a triazolobenzodiazepine) for different reasons: it is a high-potency BZD with an indirect activity through 5-HT 1A serotonergic receptors, which would produce a regulation of the hyperactive noradrenergic pathways and, through them, a reduction of noradrenergic volatility. The reduction of noradrenergic volatility by high-potency BZDs would have a preventive effect via the noradrenergic system, beyond the central GABAergic anxiolytic effects. The level of concentration and distribution of alprazolam within the CNS is effective when it is administered in relatively low doses, with a differential impact on GABA A receptors, upregulated in individuals under chronic stress, and with less impact on cognitive functions because of the shorter acting time 36 51 60 66 67 (table 1) . In the present study, Gador study of Estres Modulation by Alprazolam (GEMA), the following research questions were formulated: how does treatment of anxiety with benzodiazepines impact on allostatic load and neuroticism? Do allostatic load and chronic stress affect cognition process? Do BZDs affect cognitive function positively in stressed patients?
General hypothesis
In the present study, we aim to investigate biochemical and neurocognitive variables in patients with high anxiety levels associated with chronic stress, and neuroticism (a clinical condition that indicates an exaggerated response to the stressors that require more time to recover from them), 51 68 69 and the impact of In clinical practice, high symptomatic anxiety disorders are frequently associated with chronic stress and neuroticism (a well-known stress vulnerability factor), 20 and overall, all these factors increase the vulnerability to diseases and reduce resilience. In these high symptomatic patients, the use of BZDs is required for longer periods of time. Nevertheless, this indication is an offlabel use, and is therefore regarded with caution because of the possibility of favouring dependence on medication and other undesired events such as cognitive functions, reflexes and alert states. This study is based on the hypothesis that high potency benzodiazepines such as alprazolam may serve as more than single anxiety suppressive agents reducing allostatic load and facilitating adaptative responses. GEMA project proposes an intervention designed to determine if minimum doses of alprazolam adjust neurobiochemical mediators, neurocognition and affect QOL, altered by stress ( figure 2) .
The question attempted to be solved is, whether anxiolytic pharmacology intervention with alprazolam in these high symptomatic patients modify allostatic load, neurocognition performance and QOL, beyond the known anxiolytic effect.
Objectives (end points)
The project consists of three complementary stages (figure 3). ▸ To determine whether clinical and biochemical markers of allostatic load tend to normalise with 12 weeks of therapeutic intervention. ▸ To determine if neurocognitive performance is modified after treatment, and if there is a positive correlation with biochemical variables of allostatic load and with therapeutic levels. ▸ To assess QOL before and after treatment.
Second, the purpose of this study is to report conditions of failure due to lack of response or emergence of undesired events, including adverse events, and possible situations of habituation to or dependence on alprazolam.
METHODS AND ANALYSIS Protocol design
The GEMA project, is a prospective phase IV clinical trial. The study began in 2010 and is still undergoing advanced trials. This is a prospective observational study, controlled with on-demand assignment of alprazolam doses in variable doses. It is a phase IV study reported to regulatory authorities in compliance with the rules in force and, consequently, enclosed for the use of experimental controls or interventions.
The presence of variable doses will allow us to establish a continuous range of dose response.
Inclusion criteria
In this study, highly symptomatic patients over age 21 years, who have at the time of admission anxiety symptoms (six or more points in the Hamilton-A scale), 70 neuroticism (18 or more points in the Neo five personality factor inventory (NEO-FFI) scale), 71 allostatic load expressed by at least three positive clinical or biochemical items (Crimmins and Seeman criteria) with normal cognitive performance (25 or more points in the Folstein's Mini-Mental State Examination) 72 were included. Allostatic load measurement included markers of hypothalmic pituitary axis, sympathetic nervous system, cardiovascular system, metabolic system, renal function, lung function and markers of inflammation. 10 
Exclusion criteria
Other psychiatric disorders listed under Axis I of the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition. 73 There were patients requiring other psychotropics added on to alprazolam, sympathicomimetics, corticosteroids or another medication that might kinetically or dynamically interfere with alprazolam. This included patients who had received fluoxetine in the previous 4 weeks, or monoamine oxidase inhibitors in the previous 2 weeks, or showed a history of hypersensitivity to alprazolam. This also included women with confirmed or suspected pregnancy, or persons affected with concomitant conditions, severe or unstable in the cardiovascular system, gastrointestinal, hepatic, renal, neurological and other systems. Patients will be withdrawn from this study if the dose is prematurely modified, or if the patient decides not to continue with the administered drug, has a related adverse event that modifies his/her daily performance, 
Sample size
Changes in variables higher than 25% ( pretreatment vs post-treatment or significant correlations) with a 1-ß power of 0-80 are estimated to be detected. For the first phase, n=29-55 cases, for the second phase, n=112, and for the third an extension of the sample to 182 assessable patients, according to a personal computer (PC) program (Statistica, Tulsa) will be considered enough.
Therapeutic scheme and dose assignment Patients will be extensively assessed by a team of medical doctors, clinicians and psychiatrists, who decide the most appropriate approach for each case. The principal investigator will determine the initial dose of alprazolam, usually from 0.75 to 3.0 mg/day, according to the presence of anxiety symptoms and according to patient's tolerance. The ongoing scheme of alprazolam will be maintained for 3 months. Thereafter, the investigator can decide to continue or discontinue treatment gradually, by reducing 0.5 mg every 3 days.
Patient assessment
Study participants will be evaluated prior to treatment (week 1), on the day treatment started (day 0), and during treatment on weeks 1, 2, 4, 8 and 12. Clinical variables of anxiety, neuroticism and allostatic load, neurocognitive and neurobiochemical studies will be determined.
Anxiety assessment: Two scales will be rated (1) The Hamilton Anxiety Rating Scale of 14 items. 70 A 0-5 score indicates absence of anxiety, 6-14 is mild anxiety, and more than 15 is moderate to severe anxiety. (2) The State-Trait Anxiety Inventory of 40 items, 74 which assesses the current state and the anxiety trait as a stable tendency. The scale scores a maximum of 60 points, and percentiles are described for gender and age.
Neuroticism assessment: The NEO FFI 71 is an abbreviated measure of personality factors related to neuroticism, extraversion, openness, agreeableness and conscientiousness. Allostatic load determination: Clinical and biochemical evaluations will be determined by (1) systolic blood pressure will be measured in the supine and standing positions, with a previous 2-3 min rest. A systolic pressure >140 mm Hg and/or a diastolic pressure <90 mm Hg will be considered positive criteria; 75 (2) heart frequency: a frequency exceeding 90 bpm in supine or standing position with a previous 2-3 min rest is considered a positive pulse; (3) body mass index and waist-hip ratio are measured while the patient is standing and breathing normally, horizontal over the edge of iliac crests, using a tight tape without compressing the skin; (4) laboratory biochemical tests in serum samples include total cholesterol, and high-density lipoprotein and low-density lipoprotein fractions, glycosylated haemoglobin, fibrinogen, albumin, and C reactive protein. Furthermore, plasma noradrenaline and cortisol and salivary MHPG and cortisol will be determined.
General condition and safety: (1) Clinical Global Impression Scale (National Institute of Mental Health 1976) (CGI), which includes two subscales, (a) clinical profile severity (CGI-S) and (b) clinical profile improvement (CGI-MJ) with eight points in each one. (2) The Mini-Mental State (MEC) quantifies cognitive impairment in time-space orientation, immediate memory, concentration and calculation, long-term memory, language and praxis. 72 (3) UKU scale (Udvalg fur klinische undersogelser) 76 to determine side effects; with 56 items: the first 9 are for psychic events, 8 for neurologic, 11 for autonomic and 25 for others. The last two items evaluate side events interference with the patient's daily performance, and their impact on medication intake (none, dose reduction, withdrawal or change). In each one, the investigator assesses whether the event was related to drug treatment or not. (4) Additional safety assessments include respiratory rate and laboratory tests: complete blood count, creatinine, blood urea nitrogen, total bilirubin, alkaline phosphatase, liver enzymes and human chorionic gonadotrophin will be determined when appropriate. All patients will be informed about any eventual depressant effect of alprazolam and risks in activities that require an alert, and the consumption of alcohol will not be recommended. They will also be monitored to detect potential risks of suicide or overdose. All adverse events are monitored, classified and reported according to good clinical practice standards of the local regulatory authority (ANMAT and Ministry of Health of the Province of Córdoba, Argentina).
Cognitive assessment: To quantify the neurocognitive variables; attention, working memory, executive functions, impulsiveness, verbal and non-verbal fluency, the following tests will be conducted: (1) 83 All these tests will be applied after 6 h since the last administration of alprazolam (nadir plasma levels). Cognitive tests and laboratory tests are blinded to the analyst, while the remaining tests are open.
QOL assessment: The health and QOL scale, health questionnaire SF-36 validated Spanish version will be determined. 84 
Statistical assessment
The mean, minimum and maximum values of quantitative variables will be determined. Pretreatment and posttreatment values will be compared using t test and/or a non-parametric test. Statistical significance will be fixed at p<0.05 (2-sided; β-1 power≥0.80). Correlation analysis will be performed by calculating the Pearson Test correlation coefficient for ungrouped data; with r>0.80 and p<0.05 (2-sided) strong correlation, and 0.80<r>0.50 and p<0.05 (2-sided), moderate correlation.
Treatment safety: Regarding patient safety, the use of alprazolam, a well-known, low action, nervous system depressant drug, at minimum doses, even when no symptoms palliation is required, guarantees good tolerability, and no drawbacks are expected as a result of direct effects. It is worth emphasising that the proposed intervention tends to reduce long and/or very frequently repeated demands for medication, and with that improve the global safety rate and QOL.
ETHICS AND DISSEMINATION: APPROVAL AND INFORMED CONSENT All participants will need to agree voluntarily to participate, after having obtained informed consent and signed it, in accordance with local regulations and standards of bioethics. The study is developed under phase IV conditions, but the full therapeutic intervention has no cost for the patient under the study protocol. The present study protocol is still ongoing and patient recruitment is in process. Trial Registration: GEMA-20811.
EXPECTED RESULTS
It is our expectation to see a decline within anxiety scores and allostatic load reflected by biochemical variables, and an improvement in cognitive performance with a better QOL, even in patients treated with low doses of alprazolam. We expect to elucidate improvements in cognitive variables, such as time-space orientation, immediate memory, concentration and calculation, long-term memory, language and praxis, as well as a tendency to an overall improvement of QOL scores. If the GEMA project fulfils its basic purposes, a new pathway would open for the search of specific modulators for the treatment of mental illnesses. It has been stated by health economists that the 'macro' conditions of the cost/health ratio are given more by classic or vintage drugs rather than by innovations, many of which disappear after a promotional period. In this sense, alprazolam has persisted as a medical tool for several years, and regardless of what formal pharmaceutical clinical trials and the data that investigators might have to justify their permanence. The GEMA project is also an update in the knowledge of the impact of this compound for patients with anxiety and allostatic load, and is also a project designed to define a new profile for the biomedical use of alprazolam.
DISCUSSION
The GEMA project constitutes an observational clinical trial designed to determine objective measures of stress pathophysiology in high symptomatic patients with comorbid anxiety, allostatic load and neuroticism treated with minimum doses of alprazolam, with the aim to determine neurobiochemical and neuropsychological variables altered by stress.
Treatment aims to contribute to prevent the impact of allostatic load, promoting resilience, better cognitive performance and making healthier decisions translated into a better QOL. If the hypothesis is confirmed, a new paradigm would come into being, which would renew interest in the clinical management of these compounds beyond their typical use as anxiolytic agents. In short, the proposal is to treat each episode more efficiently in order to reduce the time required to achieve positive results (bene facere), while decreasing the tendency to excessive consumption of drugs (non nocere).
